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INTRODUCTION 

p r i m a r i l y  devoted t o  t w o  areas: 
o f  methane ( 1 ) .  
Germany. 
mix tures and they found t h a t  compounds o f  ruthenium, i r o n ,  n i c k e l  and c o b a l t  were 
e f f e c t i v e  under v a r i o u s  r e a c t i o n  cond i t i ons .  
e f f e c t i v e  c a t a l y s t  f o r  f o rma t ion  o f  l i q u i d  hydrocarbons when i t  was used under 
medium pressure r e a c t i o n  c o n d i t i o n s  (2 ) .  Recent methanation research showed t h a t  
n i c k e l  was more s e l e c t i v e  f o r  methane than c o b a l t ,  t h e  l a t t e r  producing more C2' 
f o r  the same convers ion  o f  CO (3 ) .  

L i g h t  hydrocarbons can a l s o  be produced i n  the  Fischer-Tropsch process (4 ) .  
CO and H2 syn thes i s  gas can be produced f rom coa l  w i t h  e x i s t i n g  technology (5,6). 
By choosing an a p p r o p r i a t e  c a t a l y s t ,  CO and H2 can then be used t o  produce l i g h t  
hydrocarbons as raw m a t e r i a l s  f o r  t h e  petrochemical i n d u s t r y .  

s i o n  o f  CO and HZ t o  l i g h t  hydrocarbons were r e p o r t e d  (7).  Among others,  a 
c a t a l y s t  c o n s i s t i n g  o f  c o b a l t  and copper supported o n  alumina was found t o  be 
promising f o r  ach iev ing  t h e  above-mentioned o b j e c t i v e .  I n  t h i s  paper, we r e p o r t  
a d d i t i o n a l  s t u d i e s  on t h i s  c a t a l y s t  system. Work i nc luded  c a t a l y s t  cha rac te r i za -  
t i o n  and t e s t i n g  o f  v a r i o u s  c a t a l y s t  f o rmu la t i ons .  
EXPERIMENTAL 

technique. 
Co, Cu and A1 d i s s o l v e d  i n  d i s t i l l e d  water. The p r e c i p i t a t e  was f i l t e r e d ,  washed 
and f i n a l l y  d r i e d  i n  an oven a t  11OOC. 
pe l l e ted ,  reground and f i n a l l y  sieved, t h e  f r a c t i o n  14-25 mesh being r e t a i n e d  fo r  
charges t o  t h e  c a t a l y t i c  r e a c t o r .  

I n  some f o r m u l a t i o n s  c u p r i c  c h l o r i d e  was used and i n  o t h e r s  (NH412C03 o r  
NH40H was used i n  t h e  p repara t i on .  
t o  the  oven-dr ied c a t a l y s t  by impregnation. 
ed i n  Table I .  

C a t a l y s t  analyses f o r  Co and Cu were made by a spect rophotomet ic  method. 
Th is  cons is ted  i n  d i s s o l v i n g  t h e  oven-dr ied c a t a l y s t  i n  concentrated HC1 and 
measuring t h e  s o l u t i o n  absorbance f o r  Co a t  690 mm and f o r  Cu a t  380 min. 
s o l u t i o n s  were prepared f o r  c a l  i b r a t i o n  purposes. 

balance (8) .  
on reduced c a t a l y s t s .  

1 )  Heat i n  H2 f l o w  t o  450OC. 
2) Sw i t ch  t o  N2 and coo l  t o  room temperature. 
3)  Swi tch t o  a i r  and measure weight  ga in.  
4) Swi tch  t o  H2 and hea t  t o  450OC. 
5 )  Swi tch t o  a i r  and measure weight  ga in .  

Past research e f f o r t s  on synthes is  o f  hydrocarbons from CO and H2 have been 
syn thes i s  o f  1 i q u i d  hydrocarbons and product ion 

E a r l y  work was done ma in l y  by F ischer ,  Tropsch and o t h e r s  i n  
These researchers t e s t e d  p o s s i b l e  meta l  compounds i n  H2/CO synthes is  gas 

They found t h a t  i r o n  was t h e  most 

I n  a p rev ious  paper, ex tens i ve  s tud ies  o f  d i f f e r e n t  c a t a l y s t s  f o r  t h e  conver- 

The c a t a l y s t s  employed i n  t h i s  study were prepared by a c o - p r e c i p i t a t i o n  
A h o t  s o l u t i o n  o f  Na2C03 was added t o  a h o t  s o l u t i o n  o f  the n i t r a t e s  o f  

It was then ground t o  pass 200 mesh sieve, 

I n  two o f  t h e  l a t t e r  preparat ions,  Na was added 
A l i s t i n g  o f  t h e  c a t a l y s t s  i s  present-  

Standard 

Charac te r i za t i on  o f  a number o f  c a t a l y s t s  was c a r r i e d  o u t  i n  a f l o w  m ic ro -  
These i n c l u d e d  measurement o f  degree o f  r e d u c t i o n  and. 02 adso rp t i on  

The f o l l o w i n g  sequence was adopted f o r  t h i s  purpose: 

A l l  steps except  3)  were r u n  u n t i l  weight  was constant .  I n  s tep  3 ) ,  a r a p i d  weight  
g a i n  was ob ta ined  f o l l o w e d  by a slow cont inued gain;  t h i s  s tep  was terminated a f t e r  
1 /2 hour. The amount o f  02 adsorbed was taken a t  t h e  break i n  t h e  curve i n  s tep 3) .  
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The amount of reduced metal was calculated from the weight gain i n  s t e p  51, assum- 
ing complete oxidation of the  reduced metal was obtained. Overall weight l o s s  in  
going from the oven-dried s t a t e  t o  t h e  reduced s t a t e  via  s tep  1 )  was cons is ten t ly  
very c lose  to 50% loss  f o r  the c a t a l y s t s  tes ted .  

and the  e f fec t  of a low temperature (250O) hold pr ior  t o  heating t o  the higher 
temperature. Also, some adsorptions in s t e p  3 )  were determined a t  O°C instead of 
room temperature; no d i f fe rence  in  i n i t i a l  adsorption was obtained, b u t  the  small 
continued weight gain was suppressed a t  O O C .  

X-ray analyses were performed on several reduced samples a f t e r  02 chemisorp- 
t ion.  Average p a r t i c l e  s i z e  was estimated by l i n e  broadening using the s t rongest  
CU l i n e .  
c a t a l y s t .  
a f t e r  subjecting t o  reduct ion,  was s l iced  a t  t h e  midpoint and carbon-coated. 
Selected areas were probed f o r  Co and Cu concentrations. 

i n  the  previous paper ( 7 ) .  
reac tor .  
analyzed by gas  chromatography f o r  H2, N2, C O ,  CH4, C2-C4 hydrocarbons, C5+ hydro- 
carbons and alcohols (predominantly CH30H). 
carbons from C5 t o  C1o in  decreasing amounts. 
room temperature was exclusively water, no measureable alcohols o r  hydrocarbons 
being detected. 

CO conversion i s  defined as:  

co Conversion = CO + C02 + t o t a l  hydrocarbons + alcohol 
Hydrocarbon s e l e c t i v i t i e s  a r e  defined as :  

%' = to ta l  hydrocarbons + alcohol 

The above sequence was varied t o  study the e f f e c t  of reduction temperature 

Electron microprobe was used t o  examine Co and Cu d i s t r i b u t i o n s  in  the  
This was accomplished by forming a t a b l e t  of the crushed material which 

Catalyst  a c t i v i t i e s  were measured i n  a f ixed bed reac tor .  

Reactor feed consis ted of mixtures o f  H E  and CO. 

Detai ls  a r e  given 
Catalyst pretreatments were made in-s i tu  in the  

Product gases were 

The C5+ f r a c t i o n  consisted of hydro- 
Condensable l iqu id  co l lec ted  a t  

C02 + to ta l  hydrocarbons + alcohol x 100 

x 100 Y 

where Y represents  C1, C2-C4, C5+ or ROH.  
atom basis .  
RESULTS 

All values a r e  calculated on a carbon 

Catalyst Characterization 
One CoCu formulation was examined t o  determine pretreatment condi t ions 

appropriate  f o r  reduction t o  the metal and to  estimate metal areas .  The r e s u l t s  
a re  presented in Table 11, together with data on a Co c a t a l y s t  and a Cu c a t a l y s t .  
All t e s t s  were car r ied  out  s t a r t i n g  with oven-dried c a t a l y s t s .  Heating t o  450' i n  
H2 was suf f ic ien t  t o  e s s e n t i a l l y  completely reduce the  Cu and the CoCu c a t a l y s t  to  
the  metals; b u t  the  Co c a t a l y s t  was only about one-half reduced under these  
condi t ions.  Under comparable reduction conditions, the  CoCu c a t a l y s t  showed about 
a ten-fold la rger  02 chemisorption compared with e i t h e r  the Co o r  Cu c a t a l y s t .  On 
a per gram reduced metal bas i s ,  these results t r a n s l a t e  in to  a three-fold increase 
over the Co c a t a l y s t  and a f ive-fold increase over the  Cu c a t a l y s t  in surface metal 
area.  
compared to  a d i r e c t  heat u p  t o  maximum temperature. This was espec ia l ly  marked a t  
500°. 

T h u s ,  
reduction of the  reoxidized CoCu c a t a l y s t  gave a f ive-fold loss  i n  metal dispers ion.  
A l e s s e r  loss  was obtained f o r  the C u  c a t a l y s t  and no l o s s  was observed f o r  the Co 
c a t a l y s t .  
highly dispersed metal phase. Pretreatment with Ne i n  place of H2 a t  4500, followed 
by reduction resul ted in  a much lower metal dispers ion,  being only s l i  h t ly  grea te r  
t h a n  the  reoxidized sample. Also, t o t a l  reduction was somewhat lower 779%). 
Assuming a l l  the Cu had reduced, this corresponds t o  about 5?% reduction of the  Co, 

A two-stage heating schedule gave la rger  metal areas  (grea te r  02 adsorpt ions)  

Reoxidation of the  reduced samples caused changes in metal dispers ion.  

Evidently, reoxidation o f  the  reduced c a t a l y s t  caused s in te r ing  of the  
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c l o s e  t o  t h a t  obta ined w i t h  the  Co c a t a l y s t .  
equ iva len t  t o  a i r  o x i d a t i o n  i n  causing meta l  s i n t e r i n g  and Co i n t e r a c t i o n  w i t h  t h e  
suppor t .  

X-ray analyses o f  reduced samples exposed t o  a i r  showed Cu meta l  t o  be t h e  
major  component, w i t h  Cue0 as a m ino r  component. 
Cu was g r e a t e r  f o r  t hose  c a t a l y s t s  which had h i g h  02 adso rp t i ons  and n e g l i g i b l e  
f o r  l ow  uptake c a t a l y s t s .  Th i s  i n d i c a t e s  some su r face  o x i d a t i o n  o f  Cu occurred 
d u r i n g  exposure t o  a i r .  The Co c a t a l y s t  conta ined apprec iab le  amounts o f  CoAl2O4 
i n  a d d i t i o n  t o  Co meta l ,  account ing f o r  i t s  incomplete reduc t i on .  
c a t a l y s t s ,  a separate Co metal phase was n o t  detected by x - r a y  a n a l y s i s .  

w i t h  the  02 adso rp t i on  r e s u l t s .  
t i o n  d i d  n o t  g i v e  good q u a n t i t a t i v e  agreement w i t h  t h e  x- ray va lues as seen i n  
Table 11, t h e  t rends  a r e  neve r the less  i n  t h e  same d i r e c t i o n .  U n c e r t a i n t i e s  i n  t h e  
exac t  s to i ch iomet ry  o f  adso rp t i on  and p o s s i b l e  o x i d a t i o n  beyond t h e  monolayer 
probably  account  f o r  these d i f f e r e n c e s .  

o f  Co and Cu across t h e  p e l l e t  t o  be q u i t e  inhomogeneous, w i t h  some areas h igh  
and o the rs  l o w  i n  concen t ra t i ons  o f  meta ls .  
l o c a t e d  i n  t h e  same v i c i n i t y .  

Ev iden t l y ,  Nz p re t rea tmen t  i s  

The amount o f  Cu20 r e l a t i v e  t o  

On t h e  CoCu 

Estimates o f  average p a r t i c l e  s i z e  from x - ray  1 i n e  broadening g e n e r a l l y  agreed 
Al though average p a r t i c l e  s i z e s  based on adsorp- 

E l e c t r o n  microprobe examinat ion o f  t h e  CoCu c a t a l y s t  showed t h e  d i s t r i b u t i o n  

However, i n  genera l ,  Co and Cu were 

C a t a l y s t  A c t i v i t y  
A complete p roduc t  a n a l y s i s  f o r  a t y p i c a l  r u n  i s  presented i n  Tab le  111. 

Hydrocarbon products  were predominate ly  normal s t r a i g h t  cha in  molecules,  small  
amounts o f  isomers o n l y  appearing a t  h i g h  convers ions.  
r a t i o s  were l ow  f o r  C2, about  one f o r  C3 and low f o r  C4 compounds. The a l coho l  
was e x c l u s i v e l y  methanol; smal l  amounts o f  e thanol  were o n l y  detected a f t e r  p ro -  
longed r e a c t i o n  a t  h i g h  convers ions.  

t r e a t e d  w i t h  H2 a t  520OC was more a c t i v e  f o r  conve r t i ng  CO than t h e  c a t a l y s t  a i r  
c a l c i n e d  a t  52OoC, then reduced i n  hydrogen a t  275OC. 
i n  hydrogen a t  225OC f o r  f o u r  hours, then a t  52OOC f o r  another  f o u r  hours was even 
more e f fec t i ve .  However, hydrogen a t  h i g h  pressure wi th  t h e  two-stage temperature 
schedule d u r i n g  t h e  p re t rea tmen t  had an adverse e f f e c t  on convers ion o f  CO. 
D i f f e ren t  pret reatment  methods d i d  n o t  have much e f f e c t  on hydrocarbon product  
s e l e c t i v i t i e s .  

vers ion;  however, t h e  r e l a t i o n s h i p  between sodium con ten t  and CD convers ion was no t  
l i n e a r .  The two pe rcen t  a d d i t i o n  o f  sodium had t h e  l a r g e s t  e f f e c t  on  CO convers ion 
The product  s e l e c t i v i t i e s  were l i k e w i s e  a f fec ted ,  a lcohol  decreas ing and t h e  C5' 
f r a c t i o n  i nc reas ing  with sodium con ten t .  

Ca ta l ys ts  prepared w i t h  CuC12 were l e s s  a c t i v e  than those w i t h  Cu(N03)~.  
Table V I  compares two p a i r s  o f  o the rw ise  i d e n t i c a l  c a t a l y s t s .  I n  bo th  cases, t h e  
c a t a l y s t s  prepared from t h e  c h l o r i d e  had lower  conversions, and lower  C5' and ROH 
s e l e c t i v i t i e s .  However, t hey  had h ighe r  CH4 s e l e c t i v i t i e s .  . 

The ef fects  o f  process v a r i a b l e s  on convers ion were b r i e f l y  s t u d i e d  w i t h  one 
c a t a l y s t  formulat ion;  t h e  r e s u l t s  a r e  g i v e n  i n  Table V I I .  Larger  convers ions were 
obta ined a t  h ighe r  temperature and H2/CO r a t i o ,  w h i l e  pressure had 1 i t t l e  e f f e c t .  
S e l e c t i v i t y - w i s e ,  t h e  f o l l o w i n g  t r e n d s  were observed: (1 )  increase i n  temperature- 
h ighe r  c2-64 and C5' and lower  CH4 and o l e f i n / p a r a f f i n  r a t i o ;  (2 )  i nc rease  i n  H2/ 
CO r a t i o  - lower  o l e f i n / p a r a f f i n  r a t i o ;  

F igu res  1 and 
2 g i v e  conversions and s e l e c t i v i t i e s  f o r  one r u n  c o n d i t i o n .  Other r u n  c o n d i t i o n s  
gave s i m i l a r  t rends.  Conversion was found t o  c o r r e l a t e  bes t  w i t h  t o t a l  metal 
l oad ing .  Conversion reached a maximum a t  a t o t a l  l oad ing  around 18%. Therea f te r ,  
Conversion l e v e l l e d  o f f  o r  decreased s l i g h t l y  w i t h  i nc reas ing  metal con ten t .  
Product ion of  C02 appeared t o  be c l o s e l y  r e l a t e d  t o  CO convers ion.  Hydrocarbon 
s e l e c t i v i t i e s  c o r r e l a t e d  bes t  w i th  metal r a t i o .  A t  one extreme, t h e  Co c a t a l y s t  

Genera l ly ,  o l e f i n / p a r a f f i n  

Table I V  shows t h e  r e s u l t s  o f  d i f f e r e n t  pret reatments.  The c a t a l y s t  pre-  

The c a t a l y s t  t h a t  was he ld  

Table V shows t h a t  increased sodium on c a t a l y s t s  caused a decrease i n  CO con- 

( 3 )  increase i n  pressure - no e f f e c t .  
The e f fec t  o f  c a t a l y s t  composi t ion was s tud ied  i n  some d e t a i l .  
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produced a high percentage of  CH4 and no ROH. 
decreased and ROH increased. 
of c a t a l y s t  compositions. 
extreme, the Cu c a t a l y s t  gave h i g h  ROH with only a small percentage of CH4 and 
C2-C4. 

As the f r a c t i o n  of  Cu increased,  CH4 
Of s igni f icance ,  C2-C4 was higher over a wide range 

A t  the  other  The C5+ f r a c t i o n  showed a s imi la r  t rend .  

DISCUSSION 
Catalyst  Characteri z a t i  on 
I t  i s  evident t h a t  Co and Cu i n t e r a c t  d u r i n g  the prereduction s t e p .  The 

presence of Cu engendered reduction of the Co. 
much grea te r  metal dispers ion than each one separately.  
found a s imi la r  e f f e c t  f o r  RuCu and OsCu c a t a l y s t s .  
s in te r ing  of the highly dispersed metals. 
c a t a l y s t s  would most l i k e l y  cause a severe deact ivat ion o f  the or ig ina l  c a t a l y s t  
a c t i v i t y  . 

The degree of dispers ion was grea t ly  a f fec ted  by the  pretreatment used. 
Oxidized and N2 t rea ted  c a t a l y s t s  gave low metal dispers ions a f t e r  high temperature 
reduction, whereas d i r e c t  treatment of the oven-dried c a t a l y s t s  w i t h  H2 during 
heating gave much b e t t e r  dispers ions.  In the l a t t e r  case ,  the  heating schedule 
was important, viz., holding a t  250° before subsequent high temperature heat-up 
resul ted in even higher dispers ions.  Similar improvement in metal dispers ion was 
found f o r  N i  c a t a l y s t s  (10) .  
small metals c r y s t a l l i t e s  which a r e  then s t a b l e  a t  the  higher temperatures. 
Increased metal dispers ions were re f lec ted  in higher c a t a l y s t  a c t i v i t i e s  f o r  CO 
conversion. 

an a l l o y  phase o r  s t a b l e  surface b imeta l l ic  c l u s t e r s  (11) .  
microprobe r e s u l t s  a r e  i n  accord w i t h  t h i s  viewpoint. These s t a t e s  may be more 
s t a b l e  towards s in te r ing  than c r y s t a l l i t e s  of the individual metals. 
research along these l i n e s  i s  i n  progress and wil l  be reported a t  a l a t e r  date .  

Catalyst  React ivi ty  
Temperature had the most profound e f f e c t  on c a t a l y s t  a c t i v i t y  and react ion 

The two together resu l ted  in  a 
S i n f e l t ,  ( 9 )  

Reoxidation caused appreciable 
Hence, a i r  regeneration of aged 

Evidently, slow heating r e s u l t s  in formation of 

The increased dispers ion found in  H2 pretreatment may be due  t o  formation of 
The x-ray and electron 

Further 

path. 
hydrocarbons and water; whereas a t  275' and higher, conversions were h i g h  w i t h  
formation of hydrocarbons and carbon dioxide.  T h i s  i s  more o r  l e s s  typical  of 
cobal t-containing Fischer-Tropsch c a t a l y s t s  (1 2 ) .  

ing, as  expected. 
of a c t i v e  metal surface area was not e n t i r e l y  proportional t o  the  t o t a l  metal 
present. 
dispersion achieved f o r  the various loadings. 
higher loadings,  where conversions were found to  t a i l  o f f .  
be due t o  s in te r ing  of the basic metal c r y s t a l l i t e s  t o  larger-s ized p a r t i c l e s .  

t o  f a c i l i t a t e  reduction of the metal components, b u t  not a l t e r  a c t i v i t y  o r  se lec-  
t i v i t y  (12) .  
gave differences in s e l e c t i v i t i e s .  Thus, the Co c a t a l y s t  gave s e l e c t i v i t i e s  
r e l a t i v e l y  high in CH4, low in C5+ and no ROH;  whereas, the  Cu c a t a l y s t  gave pre- 
dominately ROH (Figure 2 ) .  
t i v i t i e s  f o r  CH4 and Cg+ and low ROH. 
the  CoCu c a t a l y s t  was in t h e  C2-C4 range, which approached c lose  t o  50% of the 
hydrocarbon product. 
in Cu t o  Co r a t i o ,  the C2-C4 s e l e c t i v i t y  was r e l a t i v e l y  insens i t ive  t o  t h i s  
parameter. 
s e l e c t i v i t i e s .  

In addi t ion,  the  C5+ s e l e c t i v i t y  increased while the ROH decreased. 

T h u s ,  a t  2500 and below, conversions were low and the major products were 

A t  a given s e t  of condi t ions,  c a t a l y s t  conversions increased with metal load- 
However, the increase was not l i n e a r  indicat ing t h a t  the amount 

Differences could reside in var ia t ions  i n  degree of reduction and metal 
This i s  espec ia l ly  evident a t  the 

The l a t t e r  e f f e c t  may 

The addi t ion of  copper as a promoter i n  Fischer-Tropsch c a t a l y s t s  was reported 

In addi t ion t o  improving the reduction of Co, our CoCu c a t a l y s t s  a l so  

In c o n t r a s t ,  the  CoCu c a t a l y s t s  gave moderate se lec-  
The s i g n i f i c a n t  s e l e c t i v i t y  improvement w i t h  

Although product s e l e c t i v i t i e s  changed somewhat w i t h  increase 

The major e f f e c t  was t o  decrease the C5+ and increase the ROH 

The addi t ion of sodium t o  the c a t a l y s t  had a depressing e f f e c t  upon conversion. 
Sodium ' 
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addition t o  a Co:Cu ( 9 : l )  c a t a l y s t  was reported t o  be unfavorable (13) ,  resu l t ing  
i n  increased molecular weight of products and rapid c a t a l y s t  decl ine.  Since most 
of t h e  c a t a l y s t s  were prepared using sodium carbonate a s  t h e  prec ip i tan t ,  some 
sodium may have been retained by the c a t a l y s t s  a f t e r  washing. Comparison of 
conversions (Figure 1 )  ind ica tes  t h a t  u p  to  1% Na may have been present in  the 
normally prepared c a t a l y s t s .  
more ac t ive .  

e f f e c t  on c a t a l y s t  performance. 
decrease i n  ROH s e l e c t i v i t y ,  s t rangely para l le l  t o  the e f f e c t  of added sodium. The 
reason f o r  this e f f e c t  is  not known a t  present .  
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Table I. C a t a l y s t  Composit ions 

wt . ,  %b 
cu - co - Remarks‘ 

2 0 0 A1203 o n l y  
3 8.5 0 
4 0 13.0 
5 7.8 11 .o 
7 7.1 8.8 

10 ------------------------------------------------------4-2--3--------- 5.1 4.0 (NH ) CO used 
17 7.5 4.9 
18 8.1 16.1 
19 7.4 1.3 
33 7.3 0 
34 0 12.3 
37 9.8 8.1 
38 6.4 8.8 
42 5.5 15.5 
43 5.0 3.4 NH40H used 

44 4.8 3.6 
51 5.6 3.9 NH40H used, 1% Na20 added 

NH40H used, 2% Na20 added d 
d 

aCa ta l ys ts  above d o t t e d  l i n e  prepared w i t h  CuC12 and those below w i t h  Cu(NO3l2. 
bOven-dri ed bas i s  
‘Na2C03 used f o r  p r e c i p i t a t i o n  except where o the rw ise  noted. 
dImpregnati  on 
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Table 111. Analysis o f  Reaction Products 

Component 

HZ 

N2 

co2 

CH4 

co 

C2H4 

‘ZH6 

C3H6 

C3H8 

‘4% 

‘qH1 0 

c5+ 

H2° 

ROH 

Vol ume ,% 

55.3 

0.18 

22.6 

0.18 

3.06 

0.021 

0.135 

0.157 

0.178 

0.034 

0.108 

0.30 

0.22 

0.40 

S e l e c t i v i t y ,  % 

46.0 

28.4 

22.3 

3.3 

CO Conversion % 23.2 

C02’ % 2.7  

Olef injparaff in  0.53 

Catalyst 38, 18.47 g charge 

Reaction conditions: 235”, 750 psig,  3H2/C0, 7.14 cc/sec 
i 
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Table IV. Effect  o f  Pretreatment on Conversion 

CO Conversion, % 
Pretreatmenta: A B c D 
Catalyst  

7 b  37 58 
38' 17 38 16 

apretreatments : 
A - (1 )  a i r ,  520°, 4 hr. (2)  H 2 ,  275', '2 hr., 5 psig.  
B - (1) H 2 ,  520°, 4 hr., 5 psig.  
C - ( 1 )  H2, 225', 4 hr. (2)  H2, 520°, 4 hr., 5 psig. 
0 - (1)  H 2 ,  225', 4 hr. (2 )  H 2 ,  520°, 4 hr. 60 psig. 

bReaction condi t ions:  

'Reaction condi t ions:  

275', 750 psig, 2H2/C0, 0.77 cc/g sec.  

250°, 750 psig,  2H2/C0, 0.77 cc/g sec. 

Table V .  Ef fec t  of  Sodium on Cata lys t  Act iv i ty  

Cata lys t  43 51 44 

Na20, % 0 1 2 

co Conv., %a 22 19  2 

S e l e c t i v i t y  

36 37 37 

36 40 33 

18 21 30 

ROH 10. 2 0 

C1 

'2-'4 

c5+ 

aReaction condi t ions:  275', 500 psig,  2H2/C0, 0.77 cc/g sec. 
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Table VI. Effect of Copper S a l t  on Catalyst  Act ivi ty  

Pair  
Catalyst 
Cu s a l @  
co Conv., %b 

Selec t iv i ty  

'2-'4 

ROH 
c5+ 

1 
10 43 

c1 N03 
9 39 

42 35 
45 38 
13 19 
0.2 a 

2 
7 38 

c1 NO3 
59 90 

40 26 
41 42 
18 26 

2 6 

a Used in c a t a l y s t  preparation 

Reaction Conditions: 275O, 750 ps ig ,  2H2/C0, 0.77 cc/g sec 

Table VII. Effect o f  Process Variables on Conversion 
Values a r e  CO Conv., % 

Temp. ,'C 235 250 

Catalyst 38, 0.38 cc/g sec 
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FIG. 2 

CATALYST SELECTIVITIES VERSUS WEIGHT FRACTION COPPER - RUN I 
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